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(57)Ab5tr90t 

PURPOSE: To obtain a ahort-^avelength light-emitting eiement 
which generates light at a wavelength of SOOnm or lower by a 
method wherein the short-wavelength light- emitting element is 
provided with a first diamond layer, with a second diamond layer 
which is laminated on the first diamond layer and whose resistance 
is higher than that of the first diamond layer and with a first 
electrode and a second electrode which are respectively acb'acent 
to the first and second diamond layers/ 
CONSTITUTION: A short-wavelength light-emitting element is 
provided with a first diamond layer 3i with a second diamond layer 4 
which is laminated on the first diamond layer 3 and whose 
resistance is higher than that of the first diamond layer 3 and with a 
first electrode 2 and a second electrode 5 which are respectively 
acUacent to the first and second diamond layers 3, 4. Then, the peak 
of the luminous intensity of a luminous spectrum obtained by 
applying a voltage across the first and second electrodes 2, 5 is 
situated In a wavelength region of 300nm or lower. For example, a 
short-wavelength light-emitting element is provided with a first 
diamond layer 3 which is composed of a low-resistance p^pe 
semiconductor diamond, with a second diamond layer 4 which Is 
formed on the layer and which is composed of a high- reaiatanoe 
diamond and with a first electrode 2 and a second electrode 5 which 
are made of a metal. 
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(57) Abstract : 



PURPOSE: To obtain a 



short-wavelength light- 



emitting 



element which generates 



light at 




a wavelength of BDOnm or 



short-wavelength light- 



a method wherein the 



emitting 



lower by 



element is provided with a first 



diamond layer-i with a second 



diamond layer which is laminated 



on the first diamond layer and 



whose resistance is higher than that of the first diamond 
layer and with a first electrode and a second electrode 
which are respectively adjacent to the first and second 
diamond layers • 

CONSTITUTION: A s ho r t - wa v e 1 e ng t h light-emitting element 
is provided with a first diamond layer 3i with a second 
diamond layer M which is laminated on the first diamond 
layer 3 and whose resistance is higher than that of the 
first diamond layer 3 and with a first electrode 5 and a 
second electrode S which are respectively adjacent to the 
first and second diamond layers 3i Theni the peak of 
the luminous intensity of a luminous spectrum obtained by 
applying a voltage across the first and second electrodes 
2i S is situated in a wavelength region of 3D0nm or lower- 
For example-i a short-wavelength light-emitting element is 
provided with a first diamond layer 3 which is composed 
of a low-resistance p-type semiconductor diamondi with a 
second diamond layer M which is formed on the layer and 
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which is composed of a high- resistance diamond and with 
a first electrode 2 and a second electrode 5 which are made 
of a me ta 1 • 



CLAIMS 



CClaim(s)]l 

[Claim ll^ short wavelength light emitting device 
comprising: 

The 1st diamond layer- 

This 1st diamond layer laminates and it is the 5nd diamond 
layer of high resistance from said 1st diamond layer- 
An emission spectrum produced by having the 1st and End 
electrodes that touch said 1st and 5nd diamond layers i 
respect ivelyi and impressing voltage to inter-electrode 
[ said / 1st and End ] is a peak of luminescence intensity 
to a wavelength area of 300 nm or less- 



[Claim ElThe short wavelength light emitting device 
according to claim l-i wherein said each of 1st and End 
diamond layers are constituted in a cathode luminescence 
spectrum in a room temperature with a diamond in which 
recombination radiation of an exciton is observed. 
[Claim 3]IThe short wavelength light emitting device 
according to claim 1 or E i wherein said 1st diamond layer 
is constituted by semiconductor diamond and said End 
diamond layer is constituted with a undoped diamond- 
[Claim MllThe short wavelength light emitting device 
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according to claim I or Si wherein said each of 1st and 
End diamond layers are constituted with a semiconductor 
diamond- 

CClaim Slk short wavelength light emitting device given 
in any I paragraph of claims I thru/or Mi wherein either 
of said 1st and 5nd diamond layers is formed on a member 
chosen from a group which consists of a diamond crystal-i 
vapor-phase-synthesis diamond membrane-i and your kind 
consideration tropism diamond membrane- 

CClaim blA short wavelength light emitting device given 
in any 1 paragraph of claims 1 thru/or M which laminating 
and forming said 1st and End diamond layers on a 
non-diamond substrate^ and dissociating from said 
non-diamond substrate. 

[Claim 7]IA short wavelength light emitting device given 

in any 1 paragraph of claims 1 thru/or t -i wherein said End 

diamond layer is laminated on a predetermined field of 

said 1st diamond layer and said 1st electrode is 

selectively formed on fields other than said 

predetermined field of said 1st diamond layer- 

[Claim aHA short wavelength light emitting device 

comprising: 

A diamond layer - 

An emission spectrum produced by having the 1st and End 
electrodes that touch this diamond layeri and impurity 
concentration's changing continuously in a thickness 
direction of said diamond layer-i and impressing voltage 
to inter-electrode IC said / 1st and End 3 is a peak of 
luminescence intensity to a wavelength area of 3DD nm or 
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less • 



CClaim short wavelength light emitting device 

comprising : 

A d i amond layer - 

Have the 1st and End electrodes that touch this diamond 
layeri and two or more sets of low concentration impurity 
regions and high concentration impurity regions where 
impurity concentration differs mutually in said diamond 
layer are established in a thickness direction by turnsn 
An emission spectrum produced by impressing voltage to 
inter-electrode [ said / 1st and Snd 1 is a peak of 
luminescence intensity to a wavelength area of 3DD nm or 
1 ess • 

[Claim IQlThe short wavelength light emitting device 
according to claim fl or T -i wherein said diamond layer is 
constituted in a cathode luminescence spectrum in a room 
temperature with a diamond in which recombination 
radiation of an exciton is observed- 

CClaim 113A short wavelength light emitting device given 
in any 1 paragraph of claims fl thru/or IDi wherein said 
diamond layer is formed on a member chosen from a group 
which consists of a diamond crystal-i 

vapor-phase-synthesis diamond membranei and your kind 
consideration tropism diamond membrane- 

CClaim 123A short wavelength light emitting device given 
in any 1 paragraph of claims fl thru/or ID-, wherein said 
diamond layer is formed on a non-diamond . substrate and 



separated from said non-diamond substrate- 



DETAILED DESCRIPTION 



[Detailed Description of the Invention! 
IQQOU 

[Industrial Appl icationlThis invention relates to the 
short wavelength light emitting device formed with the 
diamond- 

[Description of the Prior ArtlA undoped diamond is an 
electrical insulator and the band gap is comparatively as 
large as about 5-5 eV- As a method of forming a diamond 
ar t i f i c i a 1 1 y T the method of forming diamond membrane by 
the CVD (vapor phase epitaxy) method is known 

( JP-.s^-^77S^-.B) . 

[□□□33IHOW to form a p-type semiconductor diamond by doping 
impuritiesn such as B (boron)-i into a diamond is also known 
( JPiST-1373Tb-,A) . 

[□□□mif vapor phase synthesis of the diamond is carried 
out on a single crystal diamond boardi it is also publicly 
known that a single crystal diamond thin film can be 
obtained (the research .on a diamond-i the National 
Institute for Research in Inorganic Materials research 
report No- 3T-i the Science and Technology Agency-i naM-i 
PP.3T-43-. and JP . 5-233ST0 A ) . 

[□□□SlAgain 1 On a silicon substrate^ a diamond (!□□)• Or 
the crystal face of (111). . The formation method of the 
diamond membrane which carried out orientation and grew 
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is also known- (M-Rosleri et al. \2nd International 
Conference on the Applications of Diamond Films and 
Related Materialsi Ed - M . Yosh i kawa - ) et a 1 • -i MYUt Tokyon 
ma-. pp.bTl-bTb. 

([□□□blAnd the light emitting device which uses the diamond 
membrane formed by these methods is conventionally 
publicly known- For example-i there is an MS 
(metal/semiconductor diamond) mold-i niS (metal / undoped 
insulating diamond / semiconductor diamond) mold-i or EL 
(electroluminescence) type light emitting device 
(henceforth the 1st conventional example) which uses a 
semiconductor diamond. 

l[DDD?]IAn MIS type light emitting device is shown in 
drawing ID ( JP i l-lDgaq3 A ) ■ This light emitting device is 
constituted by the p type semiconductor diamond layer SI 
and the undoped diamond layer S3 formed on this 
semiconductor diamond layer SI- And the 1st electrode S2 
is formed in the undersurface side of the semiconductor 
diamond layer SIt and the 2nd electrode S^ is formed on 
the undoped diamond layer S3. 

CDDOaHIn the light emitting device constituted in this wayn 
if negative voltage is impressed to the 1st electrode at 
positive and the End electrodei an electron will be poured 
into the semiconductor diamond layer SI via the undoped 
diamond layer S3i and light will be emitted by recombining 
with a hoi e . 

CODO^JThere are also red and a light emitting device 
(henceforth the 5nd convent i on?i 1 example) which obtains 
blue or green luminescence by using diamond membrane for 



a luminous layer and changing the formation condition (an 
impurity and the kind of defect) ( JP i 3-ia2m3 t A ) - 
CDDlDIDThere is also a light emitting device (henceforth 
the 3rd conventional example) which formed the luminous 
layer which consists of a semiconductor diamond of a p type 
or a n type on the conductive substrate-i and formed the 
undoped diamond layer and the electrode one by one on this 
luminous layer further ( J P i 3-22537tn A ) . 

CProblem(s) to be Solved by the Invent ionHHowever t the 
peak of the emission band intensity of the light emitting 
device in the 1st conventional example is about ^5□ nm-i 
and the peaks of the emission band intensity of the light 
emitting device in the End conventional example are about 
3SD thru/or. 7SD nm. The luminescent color in the 3rd 
conventional example is green white- In such a wavelength 
area-i the h i g h - i n t ens i t y light emitting device which 
already uses SiC and GaN is marketedn and there is no 
predominance which uses a diamond* 

[□□lElThis invention was made in view of this problem-i and 
is The purpose is to provide the short wavelength 

light emitting device which generates the light of the 
wavelength below nm- 

[001311 

CMeans for Solving the ProblemlA short wavelength light 
emitting device concerning the 1st invention of this 
application is laminated by the 1st diamond layer and this 
1st diamond layer-i and from said 1st diamond layer The End 
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diamond layer of high resistancGi Having the 1st and End 
electrodes that touch said 1st and End diamond layers-i 
respect ivelyT an emission spectrum produced by impressing 
voltage to inter-electrode I said / 1st and End ] has a 
peak of luminescence intensity in a wavelength area of 3QU 
nm or less • 

EOOmilAs for said 1st and End diamond layers^ in a cathode 
luminescence spectrum in a room temperature-i it is 
preferred to be constituted with a diamond in which 
recombination radiation of an exciton is observed. 
CODISHA short wavelength light emitting device concerning 
the End invention of this appl icat ion has a diamond layer 
and the 1st and End electrodes that touch this diamond 
layer-i In a thickness direction of said diamond layeri 
impurity concentration changes c on t i nu ou s 1 y i andn as for 
an emission spectrum produced by impressing voltage to 
inter-electrode C said / 1st and End It it has a peak of 
luminescence intensity in a wavelength area of 3DD nm or 
less • 

[□□ILIA short wavelength light emitting device concerning 
the 3rd invention of this application has a diamond layer 
and the 1st and End electrodes that touch this diamond 
layer-i Two or more sets of low concentration impurity 
regions and high concentration impurity regions where 
impurity concentration differs mutually in said diamond 
layer are established in a thickness direction by turns-i 
An emission spectrum produced by impressing voltage to 
inter-electrode C said / 1st and End 1 has a peak of 
luminescence intensity in a wavelength area of 30D nm or 
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less . 

[□□171AS for said diamond layer-i in a cathode luminescence 
spectrum in a room temper at ure -i it is preferred to be 
constituted with a diamond in which recombination 
radiation of an exciton is observed- 

[Funct ionlA band gap is S-S eV and luminescence with a 
short wavelength of 3DD nm or less which a large thing is 
the feature and cannot be theoretically generated in other 
semiconductor materials by recombination radiation as 
compared with other semiconductor materials is possible 
for a diamond. Howeveri in the light emitting device for 
which luminescence intensity used the conventional 
diamond membrane depending on the height of the quality 
of a crystal in luminescence for which it has the energy 
near a band gap in this wayi Since the quality of the 
crystal of diamond membrane is low and the lattice defect 
density inside a crystal is highi an electron releases 
energy by a nonluminescent process and luminescence of 
short wavelength light of 3DD nm or less is not obtained. 
The crystal quality of a diamond layer is raised in this 
invention- 

Thereforei if high tension is impressed to 
inter-electrode 1 paying attention to the short wavelength 
light of sufficient intensity being obtained-! this will 
be applied to a light emitting device. 

CDOnnin the short wavelength light emitting device 
concerning this invention! the semiconductor diamond of 
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a p type or a n type is used as a luminous layer-i for example- 
The case where the semiconductor diamond which introduced 
p type impuritiesi such as Bi is hereafter used as the 1st 
and 2nd diamond layers is explained- 

CDD2a]|First 1 the voltage of a negative forward direction 
is impressed to the 1st electrode at positive and the End 
electrode- In this casei since the End diamond layer is 
high resistancei it can impress a strong electric field 
to this End diamond layer- Thereby-i for example through 
mechanismsi such as tunneling-i from the End electrode-i an 
electron is poured in to the 1st diamond layer and emits 
light. 

([□□ElJIn C for example 1 a cathode luminescence spectrum 
as said 1st and End diamond layersn By using the diamond 
layer excellent in the crystal quality that the 
recombination radiation of an exciton is observed-! the 
emission spectrum which has a peak of luminescence 
intensity in 3DD nm or less of short wavelength 
conventionally is obtained- 

DCQQESlLike claim Ei the height of crystal quality can be 
evaluated by observing the recombination radiation of an 
exciton in the cathode luminescence spectrum in a room 
temperature- Belowi the reason is explained- When an 
exciton carries out recombination radiation in a crystal 
and isothermal generally compares the existence of the 
recombination radiationi and its intensity! the peak 
intensity of the luminescence falls reflecting the height 
of the completeness of a crystalline lattice-i so that 
temperature becomes high- This is the same also in a 
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diamond crystal and the recombination radiation of the 
exciton can be measured by a cathode luminescence spectrum- 
Uhen the recombination radiation of an exciton can be 
observed-i the diamond layer has high crystal 1 inity and it 
can be said that it is quality enough. 

CDOSBirieasur ement of cathode luminescence can be carried 
out using the device which built the collection mirrori 
the window made from synthetic quartzn the spectroscope -i 
and the p ho t o -mu 1 1 i p 1 i e r into the electron microscope-i 
for example. That isi when S kV and current irradiate with 
the electron beam of an electron microscope by 3x10 ■*A-i 
for example in accelerating voltage-i the existence of a 
light emission peak can be checked by carrying out the 
spectrum of the light which a diamond emits- The 
wavelength of a light emission peak serves as a fixed value 
according to for examplei the originsi such as whether 
light is emitted via the recombination of a free excitoni 
or to emit light via the recombination of a neutral 
acceptor restraint exciton. 

CDQEmSince in the case of a quality diamond layer the 
lattice defect density inside a crystal is low and it is 
rare for an electron to lose energy by a nonluminescent 
processi luminescence with a short wavelength C near the 
energy of a band gap 1 of 3DD nm or less is obtained. That 
isi the electron poured into the 1st diamond layer changes 
from a conducting zone to an electrification child belti 
and is recombined with a hole- At this timei the energy 
which an electron loses is the almost same energy as a band 
gapn serves as light whose wavelength is about 2DD nmi and 
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is released- lilhen an electron recombines via the level 
near the band endi the light whose wavelength is about SOD 
nm is emitted- For examplen in emitting the light whose 
wavelength is 235 nm when it recombines via the level of 
a free exciton and passing the level of the neutral 
acceptor restraint exciton about an impurity like Bt it 
emits the light whose wavelength is S3A nm- 
[□□S51A quality diamond layer can be obtained by using 
diamond crystali vapor-phase-synthesis diamond membranei 
and your kind consideration tropism diamond membrane as 
a substrate! and forming a diamond layer on this substrate. 
Especially the diamond layer formed on your kind 
consideration tropism diamond is extremely excellent in 
quality. Your kind consideration tropism diamond membrane 
refers to what crystal face orientation arranged 
regularly in the diamond membrane formed on the 
non-diamond substrate by vapor phase synthesis. After 
forming said diamond layer on non-diamond substratesn 
such as Sii it may remove said substrate- 
ICQDSblln this invention-i since the 1st diamond layer turns 
into a luminous layer-i this 1st diamond layer needs to be 
constituted with the semiconductor diamond in which 
impuritiesi such as Bi were introduced- On the other hand-i 
the 2nd diamond layer may be any of a undoped diamond or 
a semiconductor diamond- 

[□□27]IBy considering it as the structure where the 2nd 
diamond layer is formed on the predetermined field of the 
1st diamond layer-i and the 1st electrode was selectively 
formed on fields other than said predetermined field of 
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the 1st diamond layeri Since there is no electrode in the 
undersurface side of the 1st diamond layeri the generated 
light can be made to emit efficiently from the 
undersurface side of the 1st diamond layer- 
CDDSflniEven if the impurity concentration in a diamond 
layer is continuously changed to a thickness direction and 
it provides a high concentration impurity region (low 
resistance area) and a low concentration impurity region 
(high resistance domain)-! luminescence which has a peak 
of luminescence intensity in a wavelength area of 300 nm 
or less can be obtained like an above-mentioned short 
wavelength light emitting device- 

CDD2TlLlhen a high concentration impurity region and two 
or more sets of low concentration impurity regions are 
established in the thickness direction of the diamond by 
turns-i what is called laser light emitting can be obtained 
again- Also in this casei an emission spectrum has a peak 
of luminescence intensity in a wavelength area of 3DQ nm 
or 1 ess • 
[□□301 

[ExampleHHereaf ter T the example of this invention is 
concretely described with reference to an attached 
drawing. Drawing 1 is a sectional view showing the short 
wavelength light emitting device concerning the 1st 
example of this invention- The short wavelength light 
emitting device 1 concerning this example is constituted 
by the 1st diamond layer 3 that consists of a p-type 
semiconductor diamond of low resistancei and the End 
diamond layer ^ that consists of a diamond of the high 
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resistance formed on this 1st diamond layer 3- And the 1st 
metal electrode 2 is formed in the undersurface side of 
the 1st diamond layer 3i and the End electrode S is formed 
in the predetermined region on the 2nd diamond layer M- 
[□□31]IThe 1st and 2nd diamond layers are constituted in 
the cathode luminescence spectrum in a room temperature 
by the quality diamond which can observe the recombination 
radiation of an exciton- 

[□□323Nex 1 1 operation of the short wavelength light 
emitting device 1 constituted in this way is explained. 
Negative voltage is impressed to the 1st electrode 2 of 
the short wavelength light emitting device 1 at positive 
and the 2nd electrode S. In this example^ since the 2nd 
diamond layer ^ is formed with the high resistance diamondi 
a high electric field can be impressed and an electron can 
be accelerated to high energy. The energy band structure 
in this case is shown in drawing 2 . The 2nd electrode b 
is in contact with the 2nd diamond layer At since voltage 
is impressedi Fermi level 7 of the 2nd electrode t risesi 
as a result the 2nd electrode b side becomes high and the 
electrification child belt level T and the 
conduct ing-zone level ID of the 2nd diamond layer fl 
incline* 

[□0331The 2nd diamond layer a is in contact with the 1st 
diamond layer lln and has connected the electrification 
child belt level 12 and the conduct ing-zone level 13 of 
the 1st diamond layer 11 to the electrification child belt 
level T and the conduct ing-zone level IDi respectively. 
IDD3M]|The electron in Fermi level 7 in the 2nd electrode 
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b passes the 2nd diamond layer fl through mechanismsi such 
as tunneling-i and is poured in to the 1st diamond layer 
11. 

[□□3S]IIn this casei since the 1st diamond layer 11 is 
quality diamond membrane-i an electron hardly loses energy 
in a nonluminescent process- Thereforen the electron of 
the conducting zone 13 is recombined with the electron 
hole which exists in the electrification child belt of the 
1st diampnd layer-i and emits the light of energy almost 
equal to a band gap at this time- That i s i light with a 
wavelength of 3QD nm or less is emitted. 

[□□3blThe diamond layer can obtain a quality thing by 
forming on a diamond crystali a vapor-phase-synthesis 
diamondn or your kind consideration tropism diamond 
substrate- To form a diamond layer on non-diamond 
substrates-! such as silicon and metal-i it is necessary to 
optimize the synthetic condition of a diamond and to 
reduce the density of a crystal defect and a grain boundary- 
CDD373A1 though a common electrical conducting material 
can be used as an electrode material in this invention-i 
Uhat is necessary is just to form an electrode by an indium 
stannic acid ghost (ITO)i SnOai ZnOi SnOs-Sbi or CdsSnOqi 
when especially a transparent electrode is required- 
Light can be made to emit to the upper part of the short 
wavelength light emitting device 1 via this transparent 
electrode by using the End electrode as a transparent 
electrode - 

|[DD3fl3They are graph charts showing B concentration in the 
diamond layer of the short wavelength light emitting 
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device IS where the sectional view and drawing 3 (b) in 
which the short wavelength light emitting device 
concerning the End example of this invention is shown take 
B concentration along a horizontal axisi and drawing 3 (a) 
takes the depth from the semiconductor diamond layer 
surface along a vertical axisi and which starts this 
example. The diamond layer It is formed for examplen on 
the diamond substrate (not shown)n and consists of quality 
diamond membrane which is the p-type semiconductor 
carried out as for B dope- The 1st electrode 1& and the 
Snd electrode 1"^ are formed in the predetermined region 
on this diamond layer lb- As the diamond layer lb is shown 
in drawing 3 ( b ) -i B concentration by the side of the upper 
surface is Iowt and B concentration is high by the 
undersurface side- In the cathode luminescence spectrum 
in a room temper ature -i this diamond layer lb is formed with 
the quality diamond which can observe the recombination 
radiation of an exciton- 

[QOSUIn this short wavelength light emitting device 15n 
predetermined voltage is impressed between the 1st 
electrode Ifl and the Snd electrode 11- In this case^ since 
the upper surface side of the diamond layer lb has low B 
concent rat ion -I it is high resistancei and it can impress 
a high electric field- Thusi by impressing high tension 
between the 1st and Snd electrodes Ifl and ITn An electron 
is poured into the undersurface side (low resistance side) 
by tunneling etc- from the upper surface side (high 
resistance side) of the diamond layer lb from the Snd 
electrode IT -i and when this electron recombines with an 
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electron holei light with a wavelength of 3DD nm or less 
is emitted - 

l[OD^O]lIn this examplei since the 1st electrode Ifl and the 
End electrode l'^ are formed on the diamond layer Ibi light 
is emitted from the undersurface side of the short 
wavelength light emitting device IS. 

mOOmHThe diamond layer lb may be used dissociating from 
said substrate-i after forming on a diamond substrate or 
forming on a non-diamond substrate- 

CQDMSIThe sectional view and drawing ^ ( b ) in which the 
short wavelength light emitting device which drawing M 
requires for the 3rd example of (a) this invention is shown 
are graph charts taking B concentration along a horizontal 
axis and taking the depth from the diamond layer surface 
along a vertical axis and in which showing B concentration 
distribution in the diamond layer of the short wavelength 
light emitting device SO of this example. As for the 
diamond layer 2Ei B concentration is changing 
continuously in the thickness direction. That is-i B 
concentration by the side of the upper surface is lowi and 
B concentration of the undersurface side is high. This 
diamond layer S2 is also constituted in the cathode 
luminescence spectrum in a room temperature by the quality 
diamond which can observe the recombination radiation of 
an exciton. The 1st electrode Bl is formed in the 
undersurface side of this diamond layer 2S-i and the 2nd 
electrode 2M is formed in the upper surface side. 
COOMBllAlso in this short wavelength light emitting device 
20t the emission spectrum which has a peak of luminescence 
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intensity in a wavelength area of 3QQ nm or less can be 
obtained like the 2nd example- 

CDDMMJSince the electrodes 51 and E^ are formed in the 
undersurface C of the diamond layer EE li and upper surface 
sidei respect ivelyi as for this short wavelength light 
emitting device EO-i light is emitted to the side- 
C□□^S]IThey are graph charts in which the sectional view 
and drawing 5 (b) in which the short wavelength light 
emitting device concerning the 4th example of this 
invention is shown taking B concentration along a 
horizontal axisn and drawing 5 ' s ( a ' s ) ' s taking the depth 
from the diamond layer It surface along a vertical axis-i 
and showing B concentration distribution. 
CDDMtlThis short wavelength light emitting device ES is 
the almost same structure as the End examplei and the 
diamond layer lb is formed in the cathode luminescence 
spectrum in a room temperature with the quality diamond 
in which the recombination radiation of an exciton is 
observed- B doped region (high concentration impurity 
region) where B was doped by high concent rat i on -i and the 
undoped field (low concentration impurity region) where 
B is not doped are established in this diamond layer lb 
by turns- 

[0D47]IIf predetermined voltage is impressed to the 1st 
electrode Ifl and the End electrode IT of this short 
wavelength light emitting device SS-i an electron is poured 
into B doped layer via each undoped field-i and an electron 
will recombine with a hole and will generate light with 
a wavelength of 3DD nm or less. Laser light emitting can 
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be obtained in this example- Light is outputted towards 
the side of the light emitting device 2S in this case- 
CDDMfl3They are graph charts in which the sectional view 
and drawing b (b) in. which the short wavelength light 
emitting device concerning the Sth example of this 
invention is shown taking B concentration along a 
horizontal axis-i and drawing fa's ( a ' s ) ' s taking the depth 
from the 2nd diamond layer 33 surface along a vertical axisi 
and showing B concentration distribution in the 1st and 
End diamond layers 3S and 33. In the cathode luminescence 
spectrum in a room temperaturei the 1st diamond layer 32 
is formed with the quality diamond in which the 
recombination radiation of an exciton is observed- As 
shown in drawing fa (b)i B doped region and the undoped 
field where B was doped by high concentration are 
established in this 1st diamond layer 32 by turns- On this 
diamond layer 32i the 2nd undoped diamond layer 33 that 
similarly consists of a quality diamond is formed- The 1st 
electrode 31 is formed in the undersurface side of the 
diamond layer 32i and the 2nd electrode 3^ is formed in 
the predetermined region by the side of the upper surface 
of the diamond layer 33- 

[□□M^lAlso in this example^ the laser beam which has a peak 
of luminescence intensity in a short wavelength region of 
300 nm or less can be obtained like the Mth example- 
lODSOJ Drawino 7 is a sectional view showing the short 
wavelength light emitting device concerning the bth 
example of this invention- In this short wavelength light 
emitting device 36^ after forming the 1st diamond layer 
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carried outn for example on non-diamond substrates (not 
shown)-! such as Si-i it is the diamond membrane separated 
from the non-diamond substrate. IC o f B dope 1 Pattern 
formation of the 2nd diamond layer MD of high resistance 
is carried out to the predetermined region of the center 
on this 1st diamond layer 3T. The End electrode 41 is 
formed on this 2nd diamond layer 4D. The 1st electrode 42 
is formed on the edge of the 1st diamond layer 3T. In the 
cathode luminescence spectrum in a room t emper a t ur e -i the 
1st and 2nd diamond layers and 40 are constituted by 
each with the quality diamond in which the recombination 
radiation of an exciton is observed. 

[□□SllAlso in this example-i the light which has a peak of 
luminescence intensity in a wavelength area of 30D nm or 
less is outputted from the undersurface side of the 
diamond layer 3^ like the 1st example- 

tDD523]|>r^W ilng fl is a sectional view showing the short 
wavelength light emitting device concerning the 7th 
example of this invention. B is doped by the 1st diamond 
layer 4S and the End undoped diamond layer 4t is formed 
on this 1st diamond layer 4S. In the cathode luminescence 
spectrum in a room temperaturei these diamond layers 4S 
and 4b are constituted by each with the quality diamond 
in which the recombination radiation of an exciton is 
observed. And the 1st electrode 44 is formed in the 
undersurface side of the 1st diamond layer 4St and the 2nd 
electrode 47 is formed in the almost same size as the 2nd 
diamond layer 4b on the End diamond layer 4b. 
CQDS33A1SO in this examplei the light which has a peak of 
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luminescence intensity in a wavelength area of 30Q nm or 
less is outputted in the direction parallel to the plane 
of composition of the 1st diamond layer MS and the 1st 
electrode MM. 

ICDDSMUNext -I the short wavelength light emitting device 
concerning this invention is actually manu f ac t ur ed i and 
the result of having investigated the emission spectrum 
is explained- The single crystal diamond film was used as 
a substrate! and the p-type semiconductor diamond layer 
(p layer) was formed on this substrate with the microwave 
CVD method- The formation conditions of this p layer are 
shown below- 

IDDSSJ p stratification condition boards single crystal 
diamond reactant gasi CHm gas: mixed gas substrate 
temperatureTflDD ** gas press urei35Torr composition timei 
IM-hour thickness fL of Q-S^Ci BgH^ gas:Sppm-i and Hs gas 1^ 
in addition 3 micrometers-! The impurity concentration 
of p layer was measured by secondary ion mass analysis 
(SIMS)- As a resulti impurity concentration was ID ^''cm'^. 
It checked that p layer was high quality by investigating 
the cathode luminescence spectrum in a room temperaturei 
and observing the recombination radiation of an exciton- 
CDDSlallSubsequen 1 1 y ! the microwave CVD method was used and 
a undoped diamond layer (i layer) ?□□ micrometers in 
diameter was selectively formed on p layer- The formation 
conditions of this i layer are shown below- 
n:aa573i stratification conditioned re sponse aas; CHm 
gas: mixed gas substrate tempera ture i flOD gas 

pr essur e T 3STor r composition timei a-hour thickness I of 
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D'SX and H5 gas 1\ in addition D-S micrometerT It checked 
that i layer was high quality by investigating the cathode 
luminescence spectrum in a room temper a ture 1 and 
observing the recombination radiation of an exciton. 
ICDDSfllNex t T after carrying out pattern formation of the 
mask for i layer surface with a photoresist filmi the ion 
implantation of the B was carried out selectively- And 
after removing a photoresist filmi heat treatment of 1 
hour was carried out at TOO ** in the vacuum- 
lEDDSTJThen 1 an Au electrode SDD micrometers in diameter 
was formed on i layer with photolithography technology-i 
and the two-layer electrode of Ti/Au was formed on p layer- 
CDDbDIThus T in the manufactured short wavelength light 
emitting devicei the voltage of -flDV was impressed to the 
Au electrode to Ti/Au electrode-i and emission spectrum 
measurement was carried out from under a single crystal 
diamond board. This emission spectrum is shown in drawing 
3.- Drawing q is the graph charts which took wavelength 
along the horizontal axis and took luminescence intensity 
along the vertical axis- As shown in this drawing T -i the 
spectrum which has a peak in wavelength of about S3fl nm 
corresponding to the interband transition of a diamond was 
acquired • 

CDDblJThe short wavelength light emitting device 
concerning this invention can constitute two-dimensional 
or three-dimensional one dimension-i an array-i or a display 
by being integrated- 

CEffect of the In ven t i on]IIn the cathode luminescence 
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spectrum in a room temperaturei the diamond layer is 
constituted from this invention by the quality diamond in 
which the recombination radiation of an exciton is 
observed-i and an electron hardly loses energy by_ a 
nonluminescent process. 

Therefore! luminescence of short wavelength which has a 
peak of luminescence intensity in a wavelength area of 3DD 
nm or less is obtained- 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings! 

rPrawino lilt is a sectional view showing the short 
wavelength light emitting device concerning the 1st 
example of this invention! and its light-emitting 
direction . 

[Prawing gJIt is a mimetic diagram showing the band 
structure in this invention- 

CDrawing Hit is a sectional view showing the short 

wavelength light emitting device concerning the 2nd 
example of this invention- 

ICDrawina Hit is a sectional view showing the short 

wavelength light emitting device concerning the 3rd 
example of this invention. 

EDrawj ng Slit is a sectional view showing the short 

wavelength light emitting device concerning the ^th 
example of this invention- 

KPr^lwing kllt is a sectional view showing the short 

wavelength light emitting device concerning the Sth 
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example of this invention- 

CDrawina 73It is a sectional view showing the short 
wavelength light emitting device concerning the bth 
example of this invention! and its light-emitting 
direction- 

IDrawina flllt is a sectional view showing the short 
wavelength light emitting device concerning the Sth 
example of this invention! and its 1 i g h t - e m i t t i ng 
direction . 

IDrawing qi They are graph charts showing the emission 
spectrum of the short wavelength light emitting device 
concerning the 7th example of this invention. 
CDrawinq IDJIt is a sectional view showing the 
conventional light emitting device- 
[Description of Notations] 

1-1 ISt 20-1 2S-I 3Di aa-i 43t short wavelength light emitting 
device 

Ifi-. 21-. 31-1 M2-i S2i the 1st electrode 

3i 111 32i 3^1 ^5^ 51i the 1st diamond layer 
Ml ai 23i 33-. MDi Mbi S3i the 2nd diamond layer 
S-ibilTi 2Mi3Mim-. M7-I S^\ the 2nd electrode 
7'i Fermi level 

Ti 12n electrification child belt level 
lOi 13i conduct ing-zone level 
Ibi 22t diamond layer 
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